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nol ybdenum sul fur 5 conpounds. New | ubri cant additives that possess
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wherein L is i hydrocarbyr di t hi ocar banat

usi ng threg nghfbolhdsequi val ents of thiuramdisulfide to one nolar
equi val ent of (NH4)2Mb3S13. 2H20. This reaction undesirably results in
the formation of two nolar equival ents of a by- product of the fornula

NH4ALy that nust be renoved.,or further treated i.n order to .redquce the
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sol ves the above ro In a first aspect, the invention is a
met hod of 4gak idagcra‘besatrﬁ»wtaamneiybdeommpsulfur codipqndsi a8 kibricantadditives.

nol ybdenum sul f ur conpound conprising a trinucl ear nol ybdenum cor e
bonded to |igands capabl e of rendering the conpound oil - sol ubl e or

oi | - di spersi bhg ONe A mEREEn8H 1H{FnaticHRN Patet A5 HIcRBLN delthbls Hiihg trinuclear

molybdenum - sulfur compounds of the formula Mo,S,L,, wherein L is
dihydrocarbyidithiocarbamate, x is 4 to 10 and y is 4, using three molar

15 equivalents of thiuram disulfide to one molar equivalent of (NH,),M0,S,;.2H,0.
This reaction undesirably results in the formation of two molar equivalents of a by-
product of the formula NH,L, that must be removed or further treated in order to
reduce the incompatibility of the product with seals and corrosivity to copper.

20 Beneficially, the present invention, by decreasing the amount of ligand
source that is required as a starting material, produces an absence or an essential
absence of such undesired by-product in the product, and soives the above

problem.

25 In afirst aspect, the invention is a method of making an oil-soluble or oil-
dispersible trinuclear molybdenum-sulfur compound comprising a trinuclear
molybdenum core bonded to ligands capable of rendering the compound oil-
soluble or oil-dispersible one or more of the ligands, preferably each ligand,
containing a S atom via. which it is bonded to the core, which method comprises

30 reacting



containing a S atomvia which it is bonded to the core, which nethod

conpri ses 3 | ng WD 99/ 31113
SCT! EPos 10975 SRl . _ FeTERossig
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Preferably, ar equivalents o e are used in thé method

of i nvepfddute Seid trinucléar corapoond. aspect, the invention is a
| ubricating oil conposition conprising a maj or anount of an oil of
| ubricating viscosity and a m nor anount of a trinuclear
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25 In a fourth aspect, the invention is a nmethod of lubricating an
i nternal conBus(disulfide).

Preferably, two molar equivalents of the disulfide are used in the method of
invention.

15
In a second aspect, the invention is a lubricating oil composition comprising a
major amount of an oil of lubricating viscosity and a minor amount of a trinuclear

molybdenum-sulfur compound made by the method of the first aspect.

20 in a third aspect, the invention is a method of making a lubricating oil composition
comprising blending a major amount of an oil of lubricating viscosity and a minor
amount of a trinuclear molybdenum-sulfur compound made by the method of the
first aspect.

25 In a fourth aspect, the invention is a method of lubricating an internal combustion
engine comprising supplying to the engine a lubricating oil composition of the
second aspect or made by the method of the third aspect.

In a fifth aspect, the invention is a method for reducing one or more of the friction,
30 wear and oxidancy, and retention of these properties, of an internal combustion

engine comprising treating moving surfaces thereof with a lubricating oil

composition of the second aspect or made by the method of the third aspect.



engi ne conprising supplying to the engine a lubricating oil conposition of
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a fifth aspect, the invention is a nmethod f£er reducing one or nore of the
friction, 30 wear and oxidancy, and retention of these properties, of an
I nternal conbustion engi ne conprising treating noving surfaces
thereof with a lubricating oil conposition of the second aspect or
made by the nmethod of the third aspect. WO 99/ 31113
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above, a no trinuclear nolybdenumsul fur core to which the |igands are

bonded. They may, for exanpl e, have the formula Md3S. LI wherein
X is from4 tyhaGeatarshobthednvention willaiew biel disaussedsip more detail. L
represents the |igands; and y is a nunber to neutralise
the charge on the M3S, core, such as 4 15 when L is nonoval ent.

By "bonded"” ip this specjfi i ' t. ' ov:al diyng,
bondi ng by ?heéiogéﬂ‘f%sa(f‘%@é ﬁ?&k&%ﬂ 1gg8qt;]d}fh%\9%£s eé/t%%&rakggg%‘t g r-ion,
and forms,of H’B‘ﬂﬂ:‘lé&} molybdeRUMLTRf 2bfe REWNRSTtHedIGNRstare sbrriez:t They aidy for
bondi ng. LTgands wthin’the
example, have the formula Mo,S,L,
wherein x is from 4 to 10, such as 4 to 7, preferably 4 or 7;
L represents the ligands; and
y is a number to neutralise the charge on the Mo,S, core, such as 4

15 when L is monovalent.

By “bonded” in this specification is meant to include covalent bonding, bonding by
electrostatic interaction as in thé case of a counter-ion, and forms of bonding
intermediate between covalent and electrostatic bonding. Ligands within the

20 same compound may be differently bonded. For example, wheny is 4, three of L
may be covalently bonded and the fourth of L electrostatically bonded.

The disulfide may be represented by the formula Res'-S-S-Res? wherein Res’ and
Res? represent residues of the disulfide molecule which may be the same or
25  different, preferably the same. Thus, the ligands in the compounds made by the

method of the invention may be represented by the formulae Res'-S- and Res®-S-.

Preferably, each of Res' and Res? may be represented by a formula selected from
the formulae 1 to Ill depicted below:

30
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in which formulae, each of R' and R? independently represents a hydrocarbyl
group or a hydrogen atom, provided that at least one hydrocarbyl group is present

5 in the disulfide to confer oil-solubility or oil-dispersability on the trinuciear
molybdenum compound; and each of X', X? and X* independently represents an
oxygen atom or a sulfur atom.

Examples of disulfides for use in the present invention are hydrocarbyl substituted
10 thiuram disulfides such as a di- or tetrahydrocarbyl! thiuram disulfide; bis
(dihydrocarbyl dithio-phosphonate) disulfides; bis (dithiohydrocarbyl dithio-
phosphonate) disulfides; hydrocarbyl-subsfituted xanthogens; or hydrocarbyl-
substituted thioxanthogens, of which tetrahydrocarbyl thiuram disulfides are
preferred. When the latter are used, the ligands will be dithiocarbamate (“dtc”)
15 ligands.

The term “hydrocarbyl” denotes a substituent having a carbon atom directly
attached to the remainder of the residue and hence to a ligand in the product and
is predominantly hydrocarbyl in character within the context of this invention.

20 Such substituents include the following: (1) hydrocarbon substituents, that is,
aliphatic (for example alkyl or alkenyl), alicyclic (for example cycloalkyl or

cycloalkenyl) substituents, aromatic-, aliphatic- and alicyclic-substituted aromatic



s inthe disulfide to confer oil-solubility or oil-dispersability on the
trinuclear woessnhybdenum conpound; and each of XI, X2 and XBCT/EP98/08124
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substituted 10 thiuramdisulfides such as a di- or tetrahydrocar byl
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in character wwthin'the context of this invention. 20 Such substituents
i ncl ude the fbelartvmiibe ewpreptﬂsuﬁablbmoups’$egt thato s(espesially chloro and fluoro),

aliphatic (for exanple alk or al kenyl aI| cllc for ,exanpl.e cycloal kyl
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t hrough anot her portion or the residue (that I's, any two indicated

substituemns s pmsenbiyea bhain or ringotheswise carpposed of oaur@on almssubsti t ut ed
hydr ocar bon substituents, that is, those cont ai ni ng non- hydr ocar bon
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whi | e predon sabstitytedyatybard etherigroups. charact er W|th| n the context of this
I nvention, contain atons other than carbon io present in a chain or ring
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Importantly, the hydrocarbyl groups have a sufficient number of carbon atoms to
render the compounds soluble or dispersible in oil. The compounds’ oil solubility
or dispersibility may be influenced by the number of carbon atoms in the ligands.
Preferably the ligands have a sufficient number of carbon atoms to render the

20 compound solubie or dispersible in oil. The total number of carbon atoms present
among all of the hydrocarby! groups of the compounds’ ligands typically wili be at
least 21, e.g., 21 to 800, such as at least 25, at least 30 or at least 35. For
example, the number of carbon atoms in each alkyl group will generaily range
between 1 to 100, preferably 1 to 40, and more preferably between 3 and 20.

25
An example of a reactant compound in the method of the invention is an
ammonium salt of the anion such as (NH,),M0,S,;.nH,0 wherein nis 0 to 2,
including non-integer vaiues. The reaction may be carried out at elevated
temperature, typicaily 60°C to 150°C. The reaction may be carried out in an inert

30 atmosphere such as of argon or nitrogen; it may also be carried out in the

presence of an oxidizing source such as air, hydrogen peroxide or oxygen. The
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15
The reaction product may be useful as a muitifunctional lubricating oil additive
having enhanced antifriction, antiwear and antioxidant properties and may be
used to enhance antifriction, antiwear and antioxidancy properties of an oil of
lubricating viscosity by adding the reaction product thereto to produce a lubricating
20 oil composition.

Other additives such as known in the art may be incorporated, provided they are
different from those of the invention. Examples are dispersants, detergents, rust
inhibitors, anti-wear agents, anti-oxidants, corrosion inhibitors, friction modifiers,

25 pour point depressants, anti-foaming agents, viscosity modifiers and surfactants.

In the preparation of lubricating oil compositions, it is common practice to
introduce additive(s) therefor in the form of concentrates of the additive(s) in a
suitable oleaginous, typically hydrocarbon, carrier fluid, e.g. mineral lubricating oil,
30 or other suitable solvent. Oils of lubricating viscosity as well as aliphatic,
naphthenic, and aromatic hydrocarbons are examples of suitable carrier fluids for

concentrates.
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during distillation, it may be appropriate to use, as solvent, a | ow
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handl i ng additives before their se, as well as facilitating_solution

or dispersion erefemhbly 200i79, massi %aﬁthiﬁg ingredient of fg,additlye A adgiives.
preparing a lubricating oil conposition that contains nore
Lubricating oil compositions may be prepared by adding to an oil of lubricating
15 viscosity a mixture of an effecti\)e minor amount of at least one additive and, if
necessary, one or more co-additives such as described herein. The preparation
may be accomplished by adding the additive directly to the oil or by adding it in the
form of a concentrate thereof to‘ disperse or dissolve the additive. Additives may
be added to the oil by any method known to those skilled in the art, either prior to,

20 contemporaneously with, or subsequent to addition of other additives.
EXAMPLES

The invention may be demonstrated with reference to the following examples.

25
As used herein “coco” is an alkyl chain or mixture of alkyl chains of varying even
numbers of carbon atoms, typically from C, to C,,.
EXAMPLE 1

30

Synthesis of Mo,S,(dtc), from two molar equivalents of thiuram disulfide (“TDS")
per molar equivalent of a trinuclear molybdenum compound under an inert



S than one type of additive (sonetines referred to as "additive
conponent s"wo BA¢N3 additive may be incorporated separat epgT/EPBABIR4I N

the formof a concentrate. In may i nst-aaces, however, it is convenient
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Synthesis of Mo,S;(dtc), was carried out by the procedure of Example 1 but
incorporating an air/O, purge. Thus, air was purged through the solution when it
was refluxed vigorously for eight hours. The product was approximately 25 g of
15 Mo,S/(dtc),.

TESTS

Three molybdenum-containing oils were tested for friction retention properties by
20 comparing the High Frequency Reciprocating Rig (HFRR) performance of the oils
when fresh with that of the oils when aged. The oils were aged by treatment with
1% NO, in air at 60 mi/min at 150°C for 24 hours. The friction properties were
then recorded at 140°C and compared with the results from the fresh oils. Three
oils were compared by this method, each containing corresponding amounts (500
25  ppm) of molybdenum from three different molybdenum sources. The molybdenum
components were MV822, a commercial dinuclear component; Mo,S;dtc, made by
using three molar equivalents of thiuram disulfide (TDS) as described in
International Patent Application No PCT/IB97/01656 (METHOD A); and Mo,S-dtc,
made by the method of the present invention using two molar equivalents of TDS
30 (METHOD 1). The results of these tests are shown in Table 1 below. Both of the
trinuclear molybdenum compound-containing oils showed better friction retention

properties than the oil containing the dinuclear molybdenum compound. Also, oils
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(METHOD 1). The results of these tests are shown in Table |I below. Both of
t he trinucl ear nol ybdenum conpound-contai ning oils showed better
friction retention properties than the oil containing the dinuclear
nmol ybdenum conpound. Al so, oils
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- 8- cont gj, Il) J1id | i nucl ear nol ybdenum conpounds made Mf;@f,ﬁpgsmtgﬁt“hods
gi ve conpara performances in the testsm/./

TABLE 1 METHOD A METHOD
I Mol ybdenum conpound (@500 ppm) W822 ““ \!&“‘W\“\ Mb3S7dt c4
coefficient QI Emé ction for fresh oil O. 09 \ *0. 095

coefficient tion for used oil 0.158 * 0.079 0. 084 WO
99/ 31113 -0 PCT/ EP98I 08124
CLAI V5 -1 A met hod of making an oil-soluble or oil-dispersible
trinucl ear ntl ybdAmethod of making arsuill-Sothzb@npoﬂﬂﬁlspmsiMe mmy;ieanmolyhdleeam-
nol ybdenum core bonded to 8 gands (iapabl? of renderi ngﬂé

conpound oi | - sol usy @JF&OTBP‘PU%# §9@P§'§!5!963 trinuclear molyhgigaups catg RO

1 e borfed to-c garehy eanatlfof refHR e Bt Bfaclomlg o oi-dispersibit A
one nol ar equi val gpé opimére’ &ﬁﬁé%gbnﬁgnﬁ‘é‘f&%b?féﬁéﬁ ngaﬁdaébr&airm%ﬁ%aom via.

that contains a trinucl ear enum core, Ssuc thi o- or I O-
trinucl ear nol bydehigh n:tsrbon@ewlto the core,- whicB)methegiscdrhprisés reantimgas 1.5 to

2.5, preferably 2 to 2.1, nolar equivalents

(A) one molar equivalent of a reactant compound containing an anion

10 that contains a trinuclear molybdenum core, such as a thio- or polythio-
trinuciear molbydenum core, and
(B) less than 3, such as 1.5 to 2.5, preferably 2 to 2.1, molar equivalents
of a organic disulfide from which said one or more ligands is or are deri;/ed,
to produce said trinuciear compound

15

2. The method as claimed in claim 1 wherein the reactant compound contains

the [Mo,S,,J* ion.

3. The method as claimed in claim 1 or claim 2 wherein two molar equivalents

20 of the disulfide are reacted.

4, The method as claimed in any of the preceding claims wherein the
trinuclear molybdenum compound has the formula Mo,S, L,

25 wherein xisfrom4to10suchas4or7,
L represents the ligands, and

y is 2 number to neutralise the charge on the Mo,S, core.

5. The method as claimed in any of the preceding claims wherein the disulfide
30 is a tetrahydrocarbyl thiuram disulfide; a bis (dihydrocarbyi dithio-
phosphonate) disuifide; a bis (dithiohydrocarbyl dithio-phosphonate)



of a organic disulfide fromwhich said one or nore ligands is or are

deri ved, w0 9931113 t 0 produce said trinuclear conpound 15  pcT/RP98/08The
nmet hod as clainmed in claiml1l wherein the redetant conmpound contai ns

the [ Mb3S, 3] 1 ion. 3. The nethod as clainmed in claim1 or claim?2
wherein two nol ar equivalents 20 of the disulfide are reacted.

4.~ The nethod aa:sgifﬁierr%%ydro@abbwisubbﬁtupé@ﬁsﬁlmgeﬁl of ﬁ&\)’ﬂi’@éﬂb@l—éﬁl@stltuted
trinucl ear nol ybdenum conpound has the fornul a wher el n

x is from4 to 10ftsoxdnthegénor 7, L represents the
| i gands, and y i1s a nunber to neutralise the charge
on*the Md3SX core. : The nmethod as clainmed in any of the

i or am di subt de”"’ﬂér'ﬁ#ﬁﬂ*%g@%sgr'ﬁfﬁ'ﬁ& 5 hprelt® ArBAH BFAER e gl

disulfide;, a bis &pddﬁg’ohydrocar byl dithi o- phosphonat e) WO 99/ 31113
PCT/ EP98/§)8124 di sul fide; a hydrocarbyl -substituted
xant hogen; or a hydrocarbyl -substituted t hi oxant hogen. 6.

The method as clainmed in claim5 wherein the drocarb{ groups are al kyl 5
gr oups. 7. The method as claimed in claim 6 wherein the alkyl groups have from 3 to

20 carbon atoms.

10 8. A lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of a trinuclear molybdenum-sulfur

compound made by the method as claimed in any of claims 1 to 7.

9. A method of making a lubricating oil composition comprising blending a
15 major amount of an oil of lubricating viscosity and a minor amount of a
trinuclear molybdenum-sulfur compound made by the method as claimed in
any of claims 1 to 7.

10. A method of lubricating an internal combustion engine comprising supplying
20 to the engine a lubricating oil composition as claimed in claim 8 or made by
the method as claimed in claim 9.

11. A method for reducing one or more of the friction, wear and oxidancy, and
retention of these proprerties, of an internal combustion engine comprising
25 treating moving surfaces thereof with a lubricating oil composition as
claimed in claim 8 or made by the method as claimed in claim 9.

12. A method for reducing the fuel consumption of an internal combustion
engine comprising treating moving surfaces thereof with a lubricating oil

30 composition as claimed in claim 8 or made by the method as claimed in
claim9. __—

| O R
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